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FORCES AND MOMENTS ON INCLINED BODIES
AT MACH NUMBERS FROM 3.0 TO 6.3

By David H. Dennis and Bernard E. Cunninghem E R

SUMMARY

Results of force snd moment tests at Mech numbers from 3.0 to 6.3 on
bodieg of revolution of fineress ratios from 5 to 10 and orn flat-bottom
bodies of Pineness ratio 10 are presented and compared with the theoret-
ical predictions of the crossflow method of Allen and the impact theory
of Newton. Eight cone and cone-cylinder models with nose fineness ratios
from 3 to 7 and afterbody fineness ratios from 2 to 7, six nose-cylinder
models of fineness ratios 7 and 10 having fineness ratioc 5 ogival and
blunt nose sha.pes , and three flat-bottom bodies were tested at angles of
attack to 25 . Reynolds numbers based on body dismeter varied from
approximately 0.1 to 0.7 million depending on test Mach number.

Comparisone of force charascteristlcs of the various body shapes
show that the forces on cylindrical afterbodies are not appreciably
affected by moderate changes in the profile shape of a given fineness
ratio nose. At large values of 1ift coefficient the lift-drag ratios of
the flat-bottom shapes are higher than those of the similar cone-cylinder :
bodiese of revolution. However, the meximum lift-drag ratios msy be either
higher or lower than those of the corresponding bodies of revolution,
depending on nose fineness ratio snd test Mach number.

Predictions of forces by the crossflow method of Allen are found to
agree well with experimental results for the bodlies of revolution up to a
Mach number of about 4 if adequate estimates of initial lift-curve slopes
are used in computing the forces. At the higher Mach numbers the experi-
mentel results for the bodies of revolution and for the flat-bottom bodies
approach those predicted by the impact theory.

INTRODUCTION
At high supersonic speeds much of the 1ift required by an aircraft

can be supplied by the body, with planar surfaces, or wings, employed for
. the most part for stabilization and control only. It is evident, then,
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that for the design of high-speed misslles, accurate knowledge of the
forces and the attendant moments acting on inclined bodles is required.
In general, however, this information is not available at Mach numbers
greater than sbout 3 since there are neither well-established theories
nor any mass of experimental deta for these high speeds.

In view of the absence of specific theoretical methods for high
supersonic speeds, it is necessary to use elther those theories which
have been applied successfully at lower speeds or those which have been
proposed for hypersonic speeds (i.e., M=~>w). For determining the sero-
dynamic characteristics of inclined bodies of revolution of practical
fineness ratios, the method proposed by Allen (ref. 1) has been found to
be suitaeble at low supersonic speeds since it accounts, in at least an
epproximate manner, for the effects of viscous separation of the flow
about bodies of revolution. The Newtonian, or impact, theory (see, e.g.,
ref. 2) which also accounts qualitatively for separation of the flow over
the lee sides of bodies has been shown to be applicable to bodies of arbi-
trary shape at hypersonic speeds. To date, however, sufficient experi-
mental data have not been obtained to ascertain the accuracy of these
theories for the prediction of aserodynamic characteristics at Mach numbers
from 3 to 6. As a step toward providing such test results, an experi-
mental program to determine the aerodynemic characteristics of inelined
bodies at high Mach numbers and at angles of attack up to 25° was under-
taken. The first phase of this program concerned the determination of
the forces and the pitching moments acting on body nose sections of fine-
ness ratios from 3 to 7 at Mach numbers from 2.7 to 5.0. The results are
reported in reference 3. The purpose of the present phase of the inves-
tigation is to determine the forces and moments on inclined nose-cylinder
bodies of revolution of fineness ratios from 5 to 10 at Mach numbers from
3.0 to 6.3 and to compare these results with available theories.

In addition to the tests on bodies of revolution, a limited inves~
tigation was made to determine the effects on force characteristics -
and, in particular, the effect on maximum lift-drag ratios - of changing
the cross-sectional shape of bodles. The models tested were modified
cone~cylinder bodies of fineness ratio 10 having flat bottom surfaces.
The particular modification to provide flat-bottom shapes was investigated
in view of the predictions of Séinger (ref. 4) which indicated that at
hypersonic speeds, increases in 1ift-drag ratios as well as in 1ift forces
would be realized by utilizing such shapes.

SYMBOLS

A maximm cross-sectional ares of body

Cp drag coefficient, ;%

-
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GDO minimum drag coefficient
ACp increment of drag coefficient (Cp - CDO)
cr 11ft coefficient, q—LA
% lift~curve slope, per radian
Cn pitching-moment coefficient about body nose s pit Chj('li% moment
D body drag
i body fineness ratio, '2'12:;
L body 1ift
M free-stream Mach number
A body length
q free-gtream dynamic pressure
r body radius
Ty maximum body radius
Re Reynolds number, based on maximum diemeter of bodies of rev-
olution or width of flat-bottom bodies
X axial distence measured from body nose
X center-of-pressure location, percent body length from nose
a angle of attack
Subscripts
n body nose
a afterbody
EXPERTMENT

Apparatus and Tests

The tests were conducted in the Ames 10- by li-inch supersonic wind

tunnel which is of the continuocus-flow, nonreturn type and operates with
’ vy R LRENT T4
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a nominal supply pressure of 6 atmospheres. The Mach nmumber in the test
section may be varied from approximately 2.7 to 6.3 by changing the rel~
ative positions of the symmetrical top and bottom walls of the wind tun-
nel. During operation at the higher Masch numbers, the supply ailr ia
heated before entering the wind tunnel to prevent condensation of the air.
A detailed description of the wind tunnel and its assoclated equipment and
of the characteristics of the flow in the test section may be found in
reference 5.

Aerodynemic forces and moments were measured with a three-component
strain-gage balance., Tere forces on the sting supports were essentially
eliminated by shrouds that extended to within 0.04O inch of the model
base., Axisl forces on the basee of the models, determined from measured
base pressures and free-stream static pressures, were subtracted from
measured total forces; thus, the data presented do not include the pres-
sure forces acting on the bases of the test bodies.

Reynolds numbers based on the meximum dismeters of the test bodies
of revolution or widths of the flat-bottom bodies were:

Mach mumber Reynolds number
3.0 ~ 0.59x10°
3.5 <T1
b2 5k
5.0 26
6.3 «11

Reynolds numbers based on body lengths mey be obtained by multiplying the
above values by model fineness ratios.

Models

The body shapes tested in the present investligation are shown in
figure 1. To determine the effects of varying the afterbody length of
bodies of given nose fineness ratiog and of varying the nose fineness
ratio of bodies of given over-all flneness ratios, the series of cone
and cone-cylinder models shown in figure 1(a) were tested. These bodies
are: fineness ratio 3 conmes with 2, L4, and 7 diameter long cylindrical
afterbodies; fineness ratio 5 cone and fp = 5 cones with 2 and 5 diam-
eter long afterbodies; a fineness ratio 7 cone and an fp = T cone with
e 3 diameter long afterbody.

To determine the effects of varying nose-profile shape on the aero-

dynsmic characteristics of bodles, the models shown in Ffigure 1(b) were
tested. These fineness ratio 5 nose shapes are: a tangent ogive, a

YRR
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parabola of revolution, and a so-called 3/4-power nose.l The 3/h-power
nose has been shown to be an approximation to the nose shape of given
fineness ratio having minimum dreg at hypersonic speeds (ref. 6) and was
found to retain its low drag advantage at angles of attack (ref. 3). In
the present investigetion these shapes were tested with fineness ratio

2 cylindrical afterbodies, as shown in the photograph, and with fineness
ratio 5 afterbodies. The test bodies of revolution have base dismeters
of 3/4 inch. '

The effects of one variation of body cross-section shape were inves-
tigated by testing the modified cone-cylinder models shown in figure 1(ec).
These bodles have flat bottoms end are of D shaped cross section with °*
the top portions of the noses and the top portions of the afterbodies
being half-circular, as shown in the sketch (fig. 1(d)). The nose fine-
ness ratios of the flat-bottom bodies are 3, 5, and 7. The total fineness
ratio of all three bhodies is 10.

Accuracy of Test Results

Variations of Mach number in the region of the test section where
the models were located did not exceed +0.02 from the mean values® except
at Mach number 6.3 where the variation was +0.04t. Variations of free-
stream Reynolds number from the velues given previously did not exceed
+0.02x106.

The estimated errors 1n angle-of-attack values due to uncertainties
in corrections for stream angle and for deflections of the model support
system were £0.2°.

Precision of the experimental results was affected both by uncer=
tainties in the measurements of the forces by the balance system and by
uncertainties 1n the determination of free-stream dynamic pressures and
base pressures. At the high angles of attack, these uncertainties
result in meximm possible errors in 1ift and drag coefficients of *0,020
at Mach numbers from 3.0 to 5.0 and +0.045 at Mach number 6.3. At angles

1Tt maey be noted that the cone is a member of the same femlly of
shapes as the parabola and the 3/h-power shape, the expression defining

these shapes being m
r=r X
> (%)

vwhere m = 1 for the cone and m = 3/4 and m = 1/2 for the 3/h-power and
the parebolic shapes, respectively.

2The nominal Mach numbers of 3.0, 3.5, 4.2, 5.0, and 6.3 used for
simplicity 1n this paper correspond to actuasl mean values of 3.01, 3.kh9,
L2k, 5.0, and 6.28, respectively.

- N LR
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of attack less than sbout 10°, the corresponding maximum errors are
+0.015 and £0.030, respectively. Possible errors in piltching-moment
coefficients were £0.020 at the lower Mach numbers and £0.045 at Mach
number 6.3. It should be pointed out that the above discussion concerns
estimated magnitudes of the meximum possible errors and it is believed
that, in general, the errors in the results presented are much less than
the foregoing estimates.

RESULTS AND DISCUSSION

Because only typical results are presented in the following dis-
cussion and meny of the datae obtained in the present tests are not shown
in graphical form, all of the experimentsl results are presented in
table I. Lift, drag, and pitching-moment coefficients, centers of pres-
sure, and lift-drag ratios at the several test Mech numbers are tabulated
for each of the 17 test bodies at the various angles of attack.

The following discussion is presented in two parts. The first sec-
tion concerns variations of the experimentally determined characteristics
of the bodies with changes in Mech number and in body shepe. In the sec-~
ond part, comparisons of theoretical predictions with the test results
are discussed.

Test Results

Effects of Mach number variation.- In the Mach number renge from 3
to 5, the initial lift-curve slopes (dCr/do at @ = O) for the bodies of
revolution tested generally increase with increasing Mach number. For
each of the models this increase (shown for three of the models at the
top of fig. 2) 1s larger then would be expected for the noses alone in
this Mach number range and may be attributed, in part, to the increase
in 1ift carry-over on the cylindrical afterbodies.

The increase in initisl lift-curve slopes up to M = 5.0 is reflected
in the variations of 1ift coefficient with Mach number (fig. 2) at a = 5
At the higher angles of attack, however, the variastions of C; with Mach
number are no longer similar to the varistion of initial lift-curve slope.
This change in the variations of 1ift coefficients occurs because the 1ift
is due, in large part, to the effects of viscous separation of the flow
over the lee sldes of the bodies.

Variations of center-of-pressure positions with Mach number for the
three fineness ratio 10 cone=-cylinder bodies are shown in figure 3. At
the low angles of attack (2° and 5°), the centers of pressure move aft
with increasing Mach number. This characteristic may, as with the

/
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veriation of lift-curve slopes, be attributed to the inereasing 1ift
carry-over on the cylindricel afterbodies with increasing Mach number.
At the high angles of attack, the forces result, in lerge part, from
the effects of viscous separstion, and the center-of-pressure positions
are comperatively unaffected by Mach number variations. This indicates
that the distribution of force due to separation is relatively independ-
ent of Mach number.

Effects of adding cylindrical afterbody to a conical nose.- In fig-
ure I are shown the variations with cylindrical-afterbody length of 1ift
coefficlent at several angles of attack and of meximum lift-dreg ratios
for the cone-cylinder bodies tested at Mach number 3.0.8 At 29 angle of
ettack, viscous separation of the flow over the lee side of the body
does not occur to an appreciable extent; hence the addition of cylindrical
afterbody in excess of 2 to 3 diameters results in essentially no further
inerease in 1ift coefficient. This occurs because the inviscid 1ift
carry-over on the cylindrical afterbody decreases with distance down-
stream of the nose-cylinder juncture. At high angles of attack, where
the viscous cross forces contribute & large part of the 1ift, the 1ift
coefficients increase approximately uniformly with cylindrical afterbody
length. The slightly greater rate of increase for the short cylindrical
afterbodies may be attributed in part to the inviscid 1ift carry-over
effect and in part to the nonuniform distribution of the viscous cross
forces over the forward portions of bodies (see e.g., ref. T).

Meximum 1ift-drag ratios are increased by the additions of sfter-
bodies, the grestest increase occurring for the fineness ratio 3 cone.
Addition of & 3 dlameter cylindrical afterbody to the fineness ratio T
cone hag e reletively small effect, and it 1s apperent that longer after-
bodies would not apprecisbly increase the meximum 1ift-drag ratio.

Bffeet of changing nose shape of nose-cylinder bodies.- The varia-
tions in aerodynamic characteristics of the test noses alone were dis-
cussed in detail in reference 3. It was found in the present tests that
the differences in characteristics esmong test bodies differing only in
nose shape were approximately the same as the differences that were found
among the noses alone. That is, the additlon of a 2 or 5 diameter long
cylinder to a fineness ratio 5 nose has approximately the same effect
irrespective of the nose shape. This is illustrated in figure 5 where it
mey be seen that the variation of 1ift coefficient with ecylinder length
is approximastely the same for the four nose shapes investigated. (The
data for the noses alone have been taken from results at M = 2.75 Dre-
sented in reference 3.) Although the bodies having the 3/L-power nose
shape retain the advantage of higher 1ift-drag ratios then the bodies
with other nose shapes, the addition of a cylindrical afterbody results
in spproximately the same increases in 11ft end in drag irrespective of

SThe values for the fineness ratio 3 cone (zero cylinder length)
were taken from the data at M = 2.75 of reference 3. These data were
corrected to account for the small change in test Mach number.
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nose profile shape, and the differences in meximum lift-drag ratios are
decreased somewhat by the addlition of afterbody as shown at the top of

figure 5.

Effects of varying nose fineness ratio on bodies of constant over=
81l finenesg ratio.~- For bodies of equal over~-all fineness ratio, increas~
Ang nose fineness ratio resulis in decreases 1in the lnitial lift-curve
slope and in the 1lift coefficients at any angle of attack. This is illus=-
trated in figure 6 for the fineness ratio 10 cone-cylinder bodies at Mach
number 4.2. As & result of the decrease in wave drag accompanying the
increase in nose fineness ratio, there is & large gain in the maximum lift-
drag ratio. The increased (L/D)mﬁ.x is, however, accompanled by a
decrease in the 1lift coefficient at (L/D)pex

The axial movements of the centers of pressure of the fineness ratio
10 bodles with lncreasing 1ift coeffieient are similar, as can be seen
in figure 6. Moreover, the centers of pressure are approximately the
sesme distance forwerd of the centers of volume of the bodies. For exem-
ple, at & 1ift coefficlent of l.h, all of the centers of pressure are 11
to 12 percent of body lengths forward of the respective centers of volume.

Flat-bottom ("D") bodies.- Aerodynsmic characteristi¢s typical of the
flat-bottom bodies tested are shown in figure 7. The variations with
angle of attack of the 1ift, drag, end pitching-moment coefficients and
the center-of-pregsure positions are shown for the D body with & fine~
ness ratio 5 nose at Mach number 4.2. It can be seen that within the
angle-of~attack range from -10° to +24°, no erratic veriations of forces
or of pitching moment occur. However, as would be expected because of the
nonsymmetrical profile shape of the body, zero 1ift, zero pltching moment,
and minimum drag occur at smell positlive angles of attack. At angles of
attack near zero lift, a nose-down couple exists which causes the center-
of=pressure position to vary from an infinite distance upstream to an infi-
nite distance downstream of the nose as o 1s increased through the angle
for zero lift. However, the center-of-pressure position does not shift
eppreciably with angle of attack outside the range from approximately =40
to approximately +8°.

Although not shown in figure 7, the angle of attack for zero 1ift on
the D bodies increases with increaesing Mach number. For the test body
Just discussed, this shift is from a =1° at M = 3.0 to o = 3° at M = 6.3.

Typical curves of the force characteristics of the flat-bottom bodies
and of the cone-cylinder bodies of revolution having the same nose and
over-gll fineness ratios are shown in figure 8 for three different Mach
numbers. It should be noted that because the base area of the D bodies
is greater than that of the cone-cylinders, ratios of the force coeffi-
cients at given test conditions do not show directly the relationships of
the forces on the two types of bodies. (However, the ratic of base areas
is the same as the ratio of body volumes, thus the coefficients as pre-
sented are a direct measure of the forces per unit body volume.)

i
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The results shown in figure 8 indicate. that the minimum drag coef-
ficients are generally slightly lower for the cone-cylinder bodies than
for the corresponding D bodies. However, the rate of drag rise is lower
for the D bodies. These differences are reflected in the lift-drag-
ratio curves where it is seen that, in general, the lift-drag ratios of
the cone~cylinders are higher than those of the flat-bottom bodies at low
1ift coefficients whereas the reverse is true at high 1ift coefficlents.
Furthermore, meximum lift-drag ratios occur et lower values of Cj for the
cone~cylinder bodies then for the D bodies. It 1s apparent then that,
as shown in figure 8(a), for conditions where the zero-lift drags of both
bodies are relatively low, the body of revolution has the higher maximm
lift-drag ratlo. Conversely, as shown in figure 8(e), for fineness ratios
and test conditions resulting in high zero-lift drags, the D body has
the higher (L/D)mgy. For intermediste conditions (fig. 8(b)) both bod-
ies have approximstely the same meximum lifting efficiency. An experimen-
tal investigetion at Mach number 6.86 (ref. 8) was conducted on shapes
very similar to the flaet-bottom body and cone-cylinder body of intermedi-
ate nose fineness ratios employed in the present tests. While in the
present investigation the two bodiles were found to have approximately the
same values of (L/D)psy &t M = 3.0 (fig. 8(b)), the results of the tests
of the similar bodles at M = 6.86 show that the D body has the higher
(L/b)max. Although, under some conditions the flat-bottom body may be
more efficient than the body of revolution, this adventage may be offset
by the probsble unstable roll characteristics associated with such a shape.

Visual flow studies.- A limited investigetion of the flow about two
of the fineness ratio 10 cone-cylinder test bodies was conducted by means
of the vepor-screen technique to determine if the characteristics of the
flow sbout inclined bodies of revolution at Mach numbers of about 4 are
similar to those observed heretofore at lower Mach numbers. A description
of this experimental method and of the observations made may be found in
reference 9. A more complete description of the flow about a large number
of bodies at M = 2 observed by the same technique mey be found in refer-
ence 10. During the present tests, observations were made only at angles
of attack of l5°, 200, and 250 on the cone-cylinder bodles having nose
fineness ratios of 3 and T with T and 3 dismeter long afterbodies, respec-
tively. The Mach numbers for these tests were from 3.0 to approximately
4.4 .4 A sketch of & vapor-screen photograph is shown in figure 9(a) to
indiecate the location of the vortices and the trace of the bow shock wave
in the plene of the light beam that is projected through the wind tunnel.
It should be noted that the model is yawed in the horizontal plane for
these photographs rather than in the vertical plane as shown in references
9 and 10.

¥The smount of condensed water vapor necessary for visual observation
of the flows is sufficient to reduce somewhat the free-stream Mach numbers
from the values given above which are those that exist without condensa=~
tion.
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While the present observations were very limited In scope, the
results do serve to indicate that the flow characteristics at these Mach
numbers are generally similar to those previously reported st a Mach num-
ber of 2. For example, at 15° angle of attack a steady symmetrical vortex
pair existed along the entire length of the bodies (fig. 9(b)). At the
higher angles of attack (20° to 25°) an unsteady configuration of spprox-
imately & to 6 vortices was observed over most of the body length (figs.
9{c) and 9(d)). These angles of attack are somewhat lower than those at
which this unsteady vortex pettern was observed at Mach numbers of about
2. No apprecisble variations in the vortex flow patterns were evident
duringhtﬁe present tests while the Mach number was varied from 3.0 to
about 4.4,

An interesting phenomenon wes observed during the vapor-screen
tests. This was the appearance of strieations in the vapor screen when
an excess of water was present in the wind-tunnel supply air. These
striations are shown in figures 9(b) and 9(c) where it can be seen that
the flow about the test model alters the otherwise relatively uniform
appearance of the vertical striatioms. This characteristic, in addition
to the fact that the pattern was not altered by changes in the angle or
the longitudinel position of the light beam relative to the test section,
indicates that the phenomenon is not assoclated with the optical proper-
ties of the test setup but is inherent in the flow itself. The particular
reason for the unique distribution of condensed particles in the flow is
as yet unexplained. For the motion picture sequence (fig. 9(d)), the
semount of water vapor in the supply air was reduced sufficiently to elim-
Inate the stristions.

Comparison of Theory with Experiment

Cone-cylinder bodies:of revolution.- The experimentally determined
lift and drag characteristles of several of the cone-cylinder test bodies
are compared in figures 10 to 13 with the predictions of Allen's cross-
§;§¥ method (ref. 1) and, for some cases, with the impact theory of

ewton.

Because the crossflow method of reference 1 does not inelude the
eveluation of drag at zero 1ift and the lmpact theory predictions of
CDSG=O are generally low at the Mach numbers of interest here, only the
inerements of drag due to 1lift are compared. There are, of course, vari-
oug adequete methods available for estimating the drag at zero 1ift of
bodies of revolution. (See e.g., reference 1l for a discussion of theo-
ries for computing pressure drag, and references 12 and 13 for skin~
friction drag.)

In computing the aerodynamic forces by Allen's method, the estimates
of the inviscid flow contributions to the forces on the bodies were

| ¥
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obtained with Van Dyke's hybrid theory® (ref. 1k) since the slender-body-
theory result for initiel lift-curve slope (dCL/dm at a = 0) used in ref-
erence 1 is not asdequete for the Mach number range and the body shapes
under consideration here. Although modifications to Allen's method for
estimating the viscous effects have been suggested (see, e.g., refs. 15
and 16), for the present comparisons Allen's method was used as originally
proposed.

The estimates made with the cross flow method for the fineness ratio

10 and the fineness ratio 7 cone-cylinder bodies are compared wilth
= 3.0 experimental results in figures 10 and 11, respectively. It can

be seen that the estimates of 1ift and drag rise are very close to the
measured values for the fineness ratio 10 cone-cylinders and for the
fineness ratio 7 cone. However, for the f = T cone-cylinder bodies, the
estimates of 1ift and drag rise are higher then the measured values. This
overestimation of forces oceurs becsuse the predictions made with the
hybrid theory of initial lift-curve slope are too high for bodies having
relatively short cylindrical afterbodies, as can be shown by analysis of
the data obtained during the present tests. The experimentally determined
initial lift-curve slopes were used in conjunction with the same estimates
of the viscous effects, and the results of thls modified method agree very
well with the experimental results up to angles of attack of about 20° as
shown in figure 11l. It appears then that in spite of the approximate
nature of the crossflow method for estimsting the viscous effects, tThe
combination of this method with adequate predictions of initial 1ift-
curve slopes provides a relatively accurate means for estimating the 1ift
and drag-rise characteristics for a variety of cone-cylinder body shapes
at Mach mumber 3.0. Comparisons of the experimental results with theory
at Mach number 4.2 (not presented) lead to & similar conclusion.

As shown in figures 12 and 13, however, for the seme body shapes at
Mach number 5, this method fails, in general, to predict adquately the
forces even with the experimental values of the initial lift-curve slopes.
Since the crossflow method for estimating viscous effects should be as
adequate at Mach number 5 as at the lower Mach numbers, the assumption of
a linear varistion with angle of attack of the inviscid contribution is
believed to be incorrect at the higher Mach numbers.

It is shown in figures 12 and 13 that the impact-theory predictions
are very close to the measured Increments of drag throughout the angle-
of~-attack range and to the meassured 1ift at the higher angles of attack.
The initlal lift-curve slopes and the calculated 1ift coefficients in the
low angle-of-sttack range are lower than measured (except in the case of

—

5The forces calculated with Van Dyke's theory are assumed to act in
a direction normal to the body axis rather than midway between the normals
to the free-stream direction and the body axis as required by the slender-
body theory. Within the assumptions of the crossflow method, (i.e.,
cos o = 1) this difference does not affect the 1lift curves but does effec~-
tively double the inviscid contribution to the estimated drag due to 1lift.

3. yeRA SRR
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the fineness ratio 7 cone) because the impact theory fails to account for
the 1ift carry-over, or interference effects of the noses, on the after-
bodies. In applying the impact theory it is assumed that zero pressure
coefficlent exists on the lee, or shaded, portions of a body surface;
thus for inclined bodies at high free-stream Mach numbers the theory
accounts, at least spproximately, for the actual flow conditions over the
bodies. In general, theh, it is apparent that at high engles of attack
the force characteristics approach the predictions of the impact theory
as the free-stream Mach number is increased (M ~ 5).

Comperisons of the theoretical and experimental center-of-pressure
positions are shown for six of the cone-cylinder models at Mach number
3.0 and st Mach number 5.0 in figures 14 and 15, respectively. It can be
seen that each theoretical method provides s falrly accurate estimate for
certain cages but falls to predict adequately the centers of pressure for
the full ranges of Mach number, angle of sttack, and body shepe.

Flet-bottom bodles.=- The experimentally determined variations of 1lift
coefficient, increment of drag coefflcilent,and center of pressure with
angle of attack for the three flat-bottom bodies are compared in figure
16 with the predictions made with the impact theory. Experimental results
are shown for Mach numbers of 3.0, 4.2, and 6.3. The agreement between
predicted and measured 1lift improves with increasing Mach number through-
out the test angle-of-attack range for the three bodies, and the agreement
for the most slender configurations tested (fig. 16(c)) becomes quite good
at M.= 6.3. It can be seen that, particularly at the lower Mach numbers,
angles of attack for zero lift are lower than predicted. This difference
results, for the most part, because the theory fails to consider the
expansion of the flow at the nose-afterbody Jjuncture and the subsequent
negative pressure coefficients on the upper surfaces of the afterbodies.
As with the cone~cylinder bodies of revolution, this effect decreases with
increasing nose fineness ratio.

In view of the discrepancies between the measured and predicted vel--
ues of lift coefficilents, the consistently good agreement between the
experimental and calculated values of increment of drag coefficient at
the lower Mach numbers must be considered fortuitous. It should be noted
that, as for the bodles of revolution, the impact theory underestimstes
the minimum pressure drag for these bodies. Unfortunately, at the present
there is no ‘adequate method for estimating the drag of these body shapes
at zero angle of attack for the Mach numbers of interest here.

The incorrect predlctions of the angles of attack for zero 1ift are
reflected in the curves of Ffigure 16 showing the comparisons of the esti-
mated and experimentelly determined center-of-pressure positions. How-
ever, at the higher angles of attack where this uncertainty does not
affect the results, the estimated centers of pressure are generally within
approximately 1/3 body diameter of the experimentally determined posi-
tions. At the high angles the predicted position is approximately at the
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center of body plen-form area. As for the variation of 1lift with angle
of attack, the theoretical predictions generally improve with increasing
Mach mumber and body-nose fineness ratio.

CONCLUSIONS

Anglysis of the results of tests on inelined bodies of revolution and
flat-bottom bodies in the Ames 10- by li-inch supersonic wind tumnel at
Mach mmbers from 3.0 to 6.3 has led to the following conclusions:

l. Within the limits of body shapes tested, aerodynamic forces on
cylindrical afterbodies esre not appreciably affected by moderate changes
in the profile shape of a body nose of given fineness ratlo.

2, TIncreasing the nose fineness ratio of cone-cylinder bodies of
glven over-sll fineness ratio results in increasses in maximum lift-drag
retio and decreases of 11ft throughout the test angle-of-attack range but
has little effect on the center-of-pressure positions relative to the
positions of body centers of volume.

3« Although the drag at zero 1lift of the flat-bottom bodies is gen=
erally slightly higher, the induced drag, or drag due to 1ift, is lower
than that of the comparable cone-cylinder bodies of revolution. Thus,
the 1ift-drag ratios of the flat-bottom bodles are lower than those of the
corresponding econe-cylinder bodies at low 1ift coefficients and are higher
at high values of l1ift coefficient.

. The method proposed by Allen for estimating the 1ift and incre-
ment of drag characteristics of inclined bodies of revolution adequately
predicts these characteristics st Mach numbers up to abou't@if accurate

—_———

velues of initisl lift-curve slge are used.

5. The force characteristics of the bodies of revolution at high
engles of attack and of the flat-bottom bodies throughout the test angle-
of-attack range approach the predictions of the impact theory as the
free-stream Mach number is incressed.

< 6. The flow sbout inclined bodles of revolution, that is, the dis=
tribution of vortices in the flow in the lee of the bodies, at Mach num-
bers Prom 3.0 to sbout 4.4 does not differ appreciably from that
previously observed by others at Mach numbers of sbout 2.

Ames Aeronsutical ILsborastory
Netional Advisory Committee for Aeronsutics
Moffett Field, Calif., May 3, 1954
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TABLE I.- EXPERTIMENTAL RESULTS

L = T =
e[alo [f[aZx [ Talo]s [=]¢
(a) fn = 3 cone, £, = 2 cylinder
3.01 | -2.0{-0.094 |0.112 |-0.84] 0.056] 57 [ 5.04 |-2.0 }o.004]0.124]-0.62 0.049 | %0
o Jo 22( 0 -] - o tfo .1131 0 EEETE P
1.0] OS] 126] bO| - = = aa 1.0f .0k2| JL2kf .37{ -« - {-=
2.0 .088] .117{ .75] -.0k9 ?j 1.8 .078) 121 .6h| - - - |--
3.3| .165| .1181 1.k0| -.093 5.3{ .eke! .136] 1.78| -.131 {5
b1t 184k .123) 1.%0| -.09%5| kg T.31 32| 1% 2.15( -.196 [ 5%
T.4| .387| .160] 2.42] -.222| 55 9.3] A%} .10 2.37| -.272 |57
10,21 .553| .211] 2.62} -.315] Sk 12,1 .583] .267) 2.18| -.357 | 57
1.4k 688 .2453| 2,64} -.389( 57 1b,17 .608( .321f 2.17( -.k33 [ 57
1%.3| .846| .325] 2.60| -.%08] 36 16.1( .B12] .388] 2.09[ -.%2k | 59
17.4] 1.05k| Jh4e | 2,38 -,663] 58 19.3{ .939] .%03| 1.87{ -.609 | 58
18.4] 1.155( %2 2.30] -.715] 37 21.3]1.051[ .60T) 1.73} -.703 | %%
el.4{ 1.339| .651( 2.06] -.859( =8 23.31 1L.157] 71| 1.63] -.7186 | %%
o5.k| 1.602( .921] 1.7%|-1.090| 5%
(b) fn = 3 cone, fa = } cylinder
3.01f-2,0] -.093] .281f -, 77 .039| %o 5.0k [-2.0] -.080[ 131 -.60] .03 |37
0 .102] 0 0 - o |o 127/ 0 ¢} -
1.01 .0k8| (2107 .U4| -.019] 38 1.0 okgf .228{ .38] -.025 (48
2.0 .097{ .117| .83} -.081] ko 1.8 o82| .122| .67| -.04%k [m
2.8 21981 .134 | 1.48] ~.080| Uk 5.8] .316{ .1bo| 2.26] -.1Th 22
1] .205] .127( 1.61 -.ogg ] T.8] . L70] 2.63[ -.2%
7.9 5881 .192] 2.%k] -.2 48 9.8 7 «222] 2,77 -.324 | 53
10.21 .09} .2kgl 2.85) -.368| =0 12,1 760 .298} 2.53] -.k30 | 53 .
12.0 L{ 3251 2.83] -.k91] 8¢ 1k | .o26] .381( 2.88| -.%e1 | 33
1k.b1 1.3b7| JBak| 2.77] -.636) B2 16.17 1:061] .k79| 2.22] -.610 | %
17.5f 1.495] .607| 2.46| -.853] 53 19.3] 1.3%] .676{ 2.0L| -.822 [ 5k
18.5( 1.550 636} 2.%0{ ~.503| 53 21.3] 1.534 .815] 1,88 -.o44 |55
21.5( 1.888 .899] 2.10}-2.097] 53 23,31 1.710| 97| 1.76{-1.060 | 5L
booh | -2.0{ -.200} .120) -.o1f - - | - F6.28 [ 2.0 -.079] 218 ~.36{ = = = | —=
0 Jo 105 L 0 o LI
L.0f .okof .208[ .37| -« =f - 1.0} .obo| .e02| .20{---{--
2.0 L0967 121 9] - - -] - 2.0] .085{ .20k] ] - - -]~
5.8] . W18 2,15] -.147 6.0 .309] .227} 1.36| -.158 | 48
7.8] .k70} .166} 2.83{ -~.260{ 53 7.8] k33f- - |- - - -.213 | KT
0.4 .663( .23 2.87| -.867) %3 9.8) .566]- - ~|- - -1 _,301 |49
11.2( 75| «262) 2.87{ -.hok| 5k 12.1| .732) .370) 1.98( -.397 [
1h.2| 1.003{ .376| 2.671 -. 5 1511 892t Jksh| 1.97] -.883 | %0
16.2{ 1.169] .hrel 2,48 -.686] =5 16.11 1.086[ .561| 1.9%] -.62% | %
18.%| 1.327{ .607] 2.19| -.784] =4 19.31 1.377| 780 1.77( -.83k [ 54
2L.ht1.578| L813] 1.9L ] -.9%0( 54 21l.3| 1.567| 930 1.69/ -.978 | 5k
23.9] 1.796 2.008 | 1.76{-1.122| %5 23.3] 1.762}1.0971 1.61]-1.1%0 [ 56
(e} fn = 3 cone, f5 = 7 cylinder
3.00| -2.1} -.204| (162} ~.6k [ - - oF o- fho2k [ h.3[ .203] .150] 1.95] -.127 Es
o {o .1%81} 0 o - 1.4 | 557} .202] 2.76] ~.25%0 | &3
l.0] .o054} .167] .32{-.028{ 3 0.k .2851] 3.08) -.413 |45
2,11 .109( .27T0] .64| -.037| 32 .41 1,003 .3014 3.16( -.523 | &9
3.4 .189| .178) 1.06] -.08%| 32 1%.3) 1.348h) k79 2.81) -.678 | 48
k.| L2294 a7kt i.32]-.077| 32 .5 1,388( . 2.89} -.700 { 48
T.51 .57} .27 2,19} -.197} 37 16.51 1.607] 607 | 2,66 - = = [ =
10.k| .o19| .me} 2.82[ -.k08} Q2 18.5] 1.9134- - ~ L. - -]-1.011 | 49
11,7 1.083) .386} 2.92{ -.%03} L% 1.5 2.35341.05h § 2,23-1.303 | 51
15.6/ 1.5731 .538| £.95} -.768] 46 2k,1) 2.75%(1.363 | 2.02-1.582 | =
17.7} 1.908} .763) 2,50} - ~ -] --
18.9} 2.235] . 2,43 1-1.165( 48 15.04 {-2.0| -.207] .265] .65{ .om1
0 151 0 [} .-
1.0f .056] 2% .37[ -.021 ]33
3.9 ] ~2.1] -.118] .1 =76 = = o] - 1.8( .o99( .156| .63| -.039 |37
Q o Al [+) o - 5.3] .376) .196| 1.92] -.181 | 36
1.0] .057) .15 .37|~-.020| 33 T.3} 570 .247{2.31] -.269 { L5
2.11 6] .54 78] .ok 3h 9.3 .763 2.k8 -.e% L5
a.h 2111 .16k} 1,291 -.077} 35 12.3] 1,018 .372 | 2.74] - &3
1| 2481 .265] 1.% | -.090] 35 k.37 1.246]| 478 | 2.6 -.533 L5
T-5{ 55| .221( 2.5 | ~-.202| ko 16.31 L.4sh| .%95] 2.kk -, T 48
10.4]| .9%2| .307) 3.10 ) -.460] 46 21.4| 2,041]1.026 | 1.99|-1.031 | 46
10.5| .986( .302| 3.26] -.472] 46 23.k} 2.27211.218 | 1.86{~1.215 | 47
11.7| 1.067| .350{ 3.05 [ -.513( 46
1.6 1,528 [ .527| 2.90 | -.772| 48 6,28 | 2.0 wu097]= = = |- = o = = - ]oa
1.7 1.560 | .51 | 2.99 | -. 776/ &7 o LI ST SR G,
17.7] 2,972 820 2.8% | - = <] == 1.0 OMB]- -~ mf m =] v = = |am
18,8 2.121 | .87k [ 2.k3 L1.220( b9 2.0f 091w « =l v o) m - o
T | B -] B
b.oh| -2.0| ~.110{ .138) -.80{- - -| - 9.31 7001 .38 12,07 - = ~ | =w
o lo 12510 ] -— 12.2] .990{ .%75| 2,08} -.483 | 45
1,0} .0%].133| .39(-.001 1 4.2} 1.236] . 2.11| -.622 | k6
2.0] .112j.143| .78]-.0m] 27 16.2} 1.469| 719 | 2.0k -.7T7L [ 48

é
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TABLE I.- EXPERIMENTAL RESULTS - Continued

- wlajo [0 2l |[2)u || afjo{l |c
. (&) £, = 5 cone
Pl
T 3.01 | -2.0 [-0.063}0.076 |~0.83| 0.042 | 6% |5.0k | -2.0]/-0.068]- - -|- - - | 0.0k6
o |o .071| 0 [+] - o W03 = == - =f= ==
1.0| .029| .066] .4k} -.022 |70 1.0 .035F DI AR R
2.0 . 073 .85 -.038 |59 2.0 .070(- - -{- - - -.0%9
3.3} .109| . 1.65| -.076 | 67 5.3 .173] .105| 1.65} -.122
7.3| .263| .089} 2.95| -.18% | 67 T.3] .29l .115| 2.16] -.178
10.1] .392f .124] 3.16| -.2T6 | 67 9.3] .332! .10} 2.37 ] -.238
1.5 473} .147| 3.22] -.333| &8 2.1 . L1791 2.491 -.33%
2] . .221] 2.84) -.880 | 66 1k,1] 559 .229) 2.4k | -.389
17.3| -796] .06| 2.60| - - - |-~ 6.1 . .289| 2.28 | -.4T2
18.3| .877| .3%9{ 2.4} -.631 | 67 19.3| . A10] 1,95 - - -
21.3} L.017| b75| 2.1k - - = | -- 21.3| . Aol 1,81 - - -
\ 25.k | 1.236{ .687( 1.80| - - - | -- 23.3| .975| 584} 1.6T{- - -
(e) fn = 5 cone, g = 2 cylinder
3.01 | 2.0 | -.086] .OT9 |~1.09| - - - | -~ Jh.24 | K.3] .18k| .062| 2.9T|-- ~{--
o o] 070 0 o - 7.3 .3%1| .096{ 3.66{- - - | --
1.0] .038| .075} .51} -.019|-- 9.3] .k91| .1kO| 3.5} - - ~ [ ==
2.0] .081) .oBhk| .96] -.0kT |56 11.2] .657) .184) 3.5T7 | -.k06 | 60
3.3| .1k%{| .076| 1.89} -.08T7 | %0 1k.3| .88hL 3.07 | -.5%9 | 59
k.ol .170[ .091]| 1..86] -.09% |53 16.3| 1.025 %o 2.77 | -.640 | 59
7.3 .366} .105] 3.49| -.225 | 60 18.3] 1L.139| .483] 2.36| -.753 | 61
- 10.3| .602| .16k] 3.%2| -.375 | &0 21.k| 1.36%| .651] 2.09 | -.921 | 61
1.4] .684] 190 3.60] -2 | &0 23.9} 1.452| .806] 1.91 '-105# 61
ih.b| .986( .3001{ 3.29| -.611 | 59
17.% | 1.2%0| b2 ] 2.7h ] -. 61 5.0k |-2.0| -.085] .086} -.99}- - ~--
18.5]| 1.368| 5211 2.63| ~ = -] -- o |0 .078| o - -]
21,k | 1.614] .73k | 2.26|-1.079 | 61 1.0 .ok8) .o7h) .65|- - ~|--
23.5| 1.792| .872] 2.06|-1.215 | 61 1.8 .087) .07k| 1.18} - - ~ ] --
5.3] .2L6] . 2.8 - -~ --
. k.24 | 2,0 -.083] .058]-1.43| - - = | -- 7.3} .3%1] .1k 3.0 - - | --
- , 0 0510 - 9.3} .b71) .153[ 3.08| - - ~ | --
1.0 .039f .062| .63|---]-- 12.2| .6hg| .229) 2.8k |-.laT | 6
. 2.0| .o75| .03 | 1.2T7| - - -f-- b2\ 7688 .297[ 2.65[-.508 |61
16.2f .g20] .376{ 2.k51-.582 |59
- (f) £, = 5 cone, f, = 5 cylinder
3.01{ -2.0} -.071} .098| -.72| - - - k.gk |11.2] . .232] 3.87| -.k92 | 53
0 . L091| 0 - |- 1k, 3] 2.2k3| 3711 3.35| -.702 | 5%
1.0] .o45) .102] .4h| -.018 {38 16.3) 1.479] .487| 3.0 | -.850 | 55
2.0| .092] .103| .89| -.036 21.5| 2.219) .967} 2.30 | 1.376 | 57
4.1 .196| .109{ 1.80] ~.082 [ ko 23.5) 2.k70 J1. 2,09 | 1.555
%.3( .228| .106]| 2.15| -.098 } k2
T.h| .L188] 140§ 3.34| -.236 | k9 |5.0k | -2.0| -.100| .082]-1.22{ - - ~
10.3| .797| .222{ 3.%9| -.%10 | %0 0 o] 0781 0 -—-—
11.6| 1.00k| .279{ 3.60) ~.572 | 55 1.0 .0%2{ . 76 - - -
1k.5( 1.heo] .M19| 3.39] -.781 | 53 1.8| .o87| .082| 1.06) - - ~
. 18.7] 2.037| .748] 2.72|-1.170 | Sk 5.3} .37/ .10} 2.79| -.168
T.3| -b11| .143| 3.29| -.263 | 54
3.k9| -2.0| -.101]| .086{-1.17| .OLE [ Lk 9.3] . .191] 3.41] -.360 | 54
o }o .089) 0 2] - 12.2] .935{ .285| 3.28| -.53L | 5%
1.0 .okg| .096] .51] -.023|k5 1h.2| 1.136) . 3.08| -.6L8 | 54
2.0( .100| .098| 1.02| -.Ohk | k3 16.2| 1.3k7| 472§ 2.85) -.769 | 54
3.3f .192] .09k} 2.0k| -.095 | 48 19.4| 1.77%| .TOT| 2.51}-1.096 | 55
k1| .202] .106] 1.91{ -.002 | ik 21.4k| 2.045| .885] 2.31(-1.2k0 | 56
741 511] .180] 3.65] -.273 52 23.4] 2.301(1.065] 2.16|-1.k22 | 56
10.3f . 22%( 3.96( -.500 | 55
11.6] 1.032| .280) 3.69| -.593 |55 |6.28 | 2.0 -.079}~ ~ =}~ = =| = =~} --
1k.5] 1.391| .4ko9| 3.kOt -.T79 | 5% 0 ] S B
18.7{ 1.946] 709} 2.7k |-1.122 | 5% 1.0 08B|- - -]~ ~ -| 020} 50
2.0 .o17{- - -{~~-~-| -.03T| 4
5.3] .299|- - =]~ - -] ~.269155
k24| -2.0| -.088] .076{-1.16] = - = | = 7.3] .k70|- = =|~ - =} -.2T6 (57
. o |0 .070] o - == 9.3 .659|- - =|= « -] -.393| B
\ 1.0{ .okh| .085| .m2f - --]-- 121} .920{~ - ={~ - -] -.58k| 59
2.0f .087| .09k} .93 - - -]-- 14.1) 2.1%1 |- - -[~ - =} =.TOS5| 57
4.3} .228] .082| 2.78} -.112 | b8 15.1] 1.389)- - =]~ - =] -.865! 58
T.4| .485). .12} 3.91f -.262 | 53 19.3]| 1.935}~ = =}~ = =] = = <] ==
- 9.k .700} .18%| 3.80{ -.392 | 5k 21.3]| 2.290|~ = =|~ - -| -.k10]58
23.3} 2.%29]|- - =|~ - -|-1.624| 58

~e
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TABLE I.=- EXPERIMENTAL RESULTS - Continued

M | a CLlCnl%ICmTiIM n!cx,!cnl%rc.[i
(g) fn = 7 cone ..

3.01 |-2.0 }-0.062 [0.059 .05 0.041 |6k [5.04] -1.0{-0.033]0.068[-0.48 | ~ - -} --
o [0 033 |0 0 - o |o -
1.0} .033).062} .53]-.022 |6k L0l .035 --
2.0 | .065].063]1.03|-.046 |68 1.8] .o%1 )
3.3 .112.052 | 2.15 | -.07k (64 5.3} .180 65
Lo | .13%|.063]{2.13}-.091 |66 7.3} .273 65
7.3 { .282).077] 3.66} -.190 |66 9.3] . 66
10.2 | .436|.118} 3.70 | -.202 (65 2.1 .58 66
.4 | Lsbh [ 1k513,75( -.376 |67 W.1{ .658 (13
.2} .7h3 ) .22813.38)-.503 {65 16.1] .T19 6h
17.% 11.006 { .354 | 2,84 | -, 702 |66 19.3] .935 63
18.3 11.07L | .39 { 2.72 | -.752 |65 21.3| 1.060 6hy
21k 11,324 § .%67} 2,33} -.956 |66 23.3{ 1.179 63
25.4 |1.641 | .843 | 1.95 }-1.2T7 |66

k.o 1-2.0 {-.067 | .05 FL.3L | .Oh6 168 §6.28] 2.0] ~.OkS|- = fe = =] - o] o
o - o1 to - - - 0 o] 1204 0 -= =] -
1.0 | .035}.093| .66]|- ~ ~ {-- 1.0] .02hk( 1287 .19 (- - -] --
2.0} .085¢ .0 1.08 | -.048 |69 2.01 .0%1) .138] .37}- -~ - --
4.3 131§ .053 | 2.47 | -.089 |66 5.2| .172{ .151} 1.13)-.130] 70
7.3 ] .265} .07k | 3.58 [ -.180 |67 7.2} .280( .267) 1.68|-.200| 67
9.8 1 .hog ! .1191 3.54 | ~.286 |68 9.2} .373] .200] 1.87 |~ = | ==
11.1 { .50k | .1kk] 3.5%0 ) -.35%3 12.xf .553{ .2%6| 1.97|-.396} 67
4.2 | L6011 .218] 3.17 "5"23 67 k.1 . Egg 2,06 -.ho4 | 68 -
6.2 .820¢.2801 .84 | -, 16.1{ .801) . 1.96 1 -.5715| 65
18.3 | .954 | .Lo6| 2.35] -.701 |68 19.3} .9%8|- « -f- - = | ~. 70| 66
21.3 {1.133 | .546] 2,081 -.841 {67 21.3} 1.098| .721| 1.52{ -.858( 67
23.9 {1.287 | .6931 1.86{ -.973 l67 23.3] 1.223] .853] 1.%3) -.959] 66

(B) £ = 7 cone, £, = 3 cylinder

3.01 |-2.0 |-.09% | .0T9 [-1L.19 [ ~ « - [-- Jh.2¢| 4.3 209| .058| 3.60 | -.121{ 57 .
0 07910 4] -- T.3| .k2k| .097{ k.37 |-.256]| 59
1.0 | .ok2{.083[ .54 l|.-.022 |mL g.4) .60T] .1B8] %.10 | ~.373] &
2.0 | .085]. 1.06 [ -.046 |52 n.2| .8oo0| .221)| 3.62|-.517( &
3.3 .15% | .07k ] 2.08 | -.086 |55 1k.2] 1.208] .3b4) 3.22 | -.T1k | G2
5,1 | .182 | .081t2.25{-.102 {54 16,3) 1.318] .253) 2.1 ) -.863| &2
7.4 421 1.108] 3.81{-.2k1 {57
10.2 § .701 .17k | .03 | -.b1T |38 [5.04{ -2.0| -.078] .061|-1.28 - - -} -«
1.5 | 859 .225( 3.82 | -.516 |60 0 0587 0 -]
1h.bh (1,240 | .37H | 3.32) -.T69 (60 1.0} .039| .062] .63)- - -] --
18.6 |1.799 1§ . 2.7 [-1.152 [60 1.81 .088) .070{ .97{-.038] 5k

5.3] .284) 081} 3.50 |~ = =] ==

3.49 [-2.0 [-.090 | .07T5}1.20] .05 [s4 7.3| .ko7i .118{ 3.45]~.248) 59
1] o] 07k 0 0 - 9.3 581 174 3.34 | -.359( 60
1.0{ .05%2{.078) .67!~.032 (57 12,11 .BL6| .272] 3.11 ] -.%21 | 5%
2.0 ] .0911.077 1.18 | -.0kT {51 4.1 1.036f .357f 2.90{ -.633( 58
3.3 .166| .071] 2.34 | -.098 |57 16.2 1.243) .h60[ 2.70 | -.765[ 58
k1| .189.081| 2.33}-.102 {%2 :
T4 ] .435(.208( k.03 -.262 |59 6.28| -2.0{ .OTh|- - =f- = = |- ~ - ==
0.3 736/ .179( k21| =452 60 o] A5 0 - ==} -
11.5| .886| .231( 3.84{ -.556 {61 1.00 .03 .139] .22}---]--
1h.k | 1,230 ) .363) 3.39[ -.765 |60 2.0 074} .153]1 A48]- « -] -
18.6 {1.738 | .631} 2.75 |-1.10k (60 5.31 .2%| .135} 1.87{- = -{ ==

7.3] <3931 .2251 1, 75] = - ~| ==

k.2h |-2.0 | -.080[..059]-1.36] - - - [-- 9.3f{ .59Lk] .240f 2,48 - - = ~-=
o {o .058| 0 - - 12.1| .866| .369] 2.35] - = = | ~--
1.0] .036].063 .57[---|-- k.10 1,068 L6k| 2, -] - '
2.0 0791 .066] 1.20| - -« - |=-- 16.1 1.302| .584| 2,23} = - = | ~=

(1) £n = 5, 3/4 power, g = 2 cylinder

01 [-2,0 [ -.085 [ .062 [-1. oh2 (48 |3.04 -2.0( -.083( .0%8[-1.43] - - -] -

3 <] > Oh8 3 I 0 053] 0 e -
1.0 .ou0l .08} .69} -.019 {46 1.0] .okij .0%2| .79]-.021| %
2.0 .081| .068] 1.19} ~.04L |49 2.81 .om| .035 1.29] -.038| 5
3.3 .138 ] .067| 2.06| -.075 |53 5.3| .2k7{ .078] 3.17{ -.235] 53
ho! .167| .077} 2.127} -.087 {=0 7.3] .36%] .209) 3.34} -,201] 5k
7.h 3731 .20k} 3.59{ -.193 |54 9.3] .%03] .15k 3.27[ -.285] 55
0.2 . 6T 3.59 -EE 56 12,1 .690| .236f 2,92 -,Lo6Y 56
1.k} J720| .201] 3.581) -, 7 14,1} .823) .308] 2.67| -.472] 5%
24,31 . .325} 3.05| -.580 |56 16.1| .962} .4o1] 2.0 -.551] 5@
8.4 11.h06] .559] .52} -.858 |57
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TABLE I.- EXPERIMENTAL RESULTS - Continued

M a oL | Cp % Cy | K| e oL ¢ % Cn
(3) £n =5, 3/4 power, fg = 5 cylinder
3.01 |-2.0 {-0.085]0.092|-0.92 | 0.03% |38 ] 5.0k [-2.0]-0.0980.083}-1.18 | - -
o o .08t 0 (o] - o |o O77T] O - .
1.0 .0k3] .o91} .47] -.016 |36 1.0| .048] .0719) .61)- -
2.0} .088) .097| .93| -.035 |39 1.8 .a79) .081| .97 |- -
3.31 .170] .093} 1.83] -.07T (k4 5.3 .30%] .102| 2.98 |-.155
k1| .191} .102] 1.87( -.078 |39 7.3 .k70} .139) 3.38 | -.2L45
7.4 75| .134]| 3.55( -.230 [kt 9.3] .659| .195( 3.38 | -.3k9
10.3| .800| .21k| 3.7h| -.K12 |50 12.1] .943| .292) 3.23 |-.503
11.6] 1.043] .280| 3.73]| - 52 1h.2] 1.159] .388) 2.99 | -.621
1.5 ) 151 J432] 3.36! -.788 [se 16.21 1.387( .502{ 2.76 | -.Th9
18.7] 2.110| .767| 2.75 |-1.183 |53
(k) 5 = 5 parabola, fa = 2 cylinder
3.01 |-2.0} -.091] .OT3}|-2.21{ - - - |-~ §3.0k |-2.0| -.07T| .083] -93 |- - - |—
o Jo .068] 0 - = |- (o] o} 07610 - =]
1.0 .ok3| .073] 59|~ - - |- 1.0f .038| .08 k9 |---|-~
2.0| .085) .080] 1.06] = - - |-= 1.8] .070} .085) .82 |- - - [~~
3.3] .153} .075| 2.0% | -.078 |50 5.31 .238) .10k| 2,29 §*-.121 Lo
b0l .176] .092| 1.91]-.088 |48 T.31 .357) .129( 2.77 [-.181 | %0
7.4 | .397) .116)] 3.k2 | -.203 |50 g.3{ .hoh| .169]| 2.92 | -.262 |
10.2) .62k| .167( 3.7k | -.311 |48 12.1| .688| .26 2.80 {-.37k |52
1.k} .785) .222) 3.54 | -.k2k |52 1%.1] .848| .319] 2.66 |-.450 | %0
1%.3]1.072) .317] 3.38 | -.57T |52 16.1| 1.020| .ko6| 2.51 | -.551 |50
18.4 | 1.531| .547| 2.80 | -.854 |53
(1) £y = 5 pavsbole, fg = 5 cylinder
3.0L |~2.0 | ~-.090} .o94 | -.96 | .033 [35 5.0k |-2.0| - - -] 082} - - |- - -
[} o) 0830 - == |- 0 - -~} .08 -=-1-=--
1.0} .ok2| .091] .46} -.015 |35 1.0) -~ ~].083})- - = |- - =
2.0 088 | .099| .891-.033 (36 1.81---] .086}- - =~ -~
3.3 164} .092} 1.78 | -.060 |35 5.3] .311] .130] 2.39 {-.2k2
k1) .193|.132] 272} -.070 |35 7.3} .86} .112] 2.83 | -.237
T.4 5] .1481] 3.28 | -.208 |k1 9.3| .68k| .230| 2.9T7 | -.346
0.4k} .839] .238) 3.53 ] -.392 |45 12.2] .97 .361} 2.69 | -.
1.6 1.5 .310| 3.57| -.563 (k49 1b.2] 21.201| 4621 2.60 | -.611
b, 7§ 1.520 ] JhuS) 3,41 ) -.TTL (ko 16.2 | 1447 | .585] 2.7 | -.T59
18.8 { 2.224 | .724 | 3.07 }-1.155 |50
(m) £y = 5 oglve, f5 = 2 cylinder
3.01 [-2.0[ -.088] .oT9|-1.11] .038 [k 5.0k |-2.0] ~.092] .080}-1.15 |- -
0 0 .07T1] 0 - -] o} Q L0761 0 - -
1.0| .ok8| .oT7] 62 - --|~-- 1.0| .o0k3] .079| .oh |- -
2.0 .092{ .075| 1.23{ -.039 |1 1.8 .o19| .071| 1.11 ]~ -
3.3] .169) .082) 2.06) -.07k {43 5.3 271] .09k} 2.88 | -.1h3
L.1| .192] .092] 2.09} ~.086 |43 7.3| .39k} .126| 3.1k | -.211
T.4] k29 .126} 3.41] ~.212 |18 9.3 .532§ .1i71| 3.11}|-.284
0.2 .676| .185) 3.65] -. ko 12.1| .7TH8[ .282] 2.65 | -.hok
11.5] .815{ .235] 3.47| ~.k3k |51 1k.1{ .902) .350| 2.58 | ~.ko2
1%.3§ 1.127] .342| 3.30) ~.606 [52 16.1) 1.068{ .435| 2.45 | -.600
18.5{ 1.577} .539| 2.82] -.882 |53
(n) £, = 5 oglve, £5 = 5 cylinder
3.0l | -2.0{ -.099 | .101} -.98{ .030 {29] 5.0% | -2.0| -.105| .089{-1.18 | ~ -
0 0 .09kj 0 --—-f-- o] 0 .082] 0 - -
1.0| .ok8| .10%| .L6| -.01k |29 1.0§ .05.f .082| .62~ -
2.0] .o97! .10% 92| -.023 {22 1.8 .085} 1.05 |- -
3.3! .181] .107] 1.69] -.061 ] 32 5.3] .343| .123] 2.79 | -.160
L,1| .eor| .n0{ 1.87( -.058 {28 7.3 516} .161| 3.21 [ -.24k9
7.5] .51k} .156} 3.29) -.211 | ko 9.3] .710| .212] 3.35}-.349
0.1 .899] .2kl 3.68| -.439 | LT 12.1{ .99k| .345] 2.88 | -.%e8
1.7 1.1h04 318} 3.59| -.5718 | k9 1ik.2] 1.218§ k37| 2.79 | -.64T
14,6} 1.%621 .k75] 3.29} -.808 | 50 16.2] 1.477 2.62 | -.801
18.81 2.248 | .817| 2.75(-1.212 | 51
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TABLE I.- EXPERIMENTAL RESULTS - Concluded

M a cL.| ©op % Cm| % M a cL| cop .11-3 Cp | %
(o) Flat-bottom body, fn = 3, fa = 7
3.01}-2.2-0.340{0.255(-1.33 0.037| 11 [&.24 | 9.4 {0.693/0.239( 2.90 [-0.k %
=11 -.2721 .230| ~.T5( -.021| -12 12.3 {1.096| .351] 3.12{ -.
9| =-.008| 221 | -. 44| -,0bL| k7 1k.3 |1.392{ .b%2] 3.07( -.831| %7
2.0} -.023( .219 | -.10| -.075]-4&9 16.k 11.720) 6021 2.861-1.021 | 56
3.3| .o70| .204} .34%|-.092] 113 21.6 [2.633]1.06L { 2.h81-1.536{ =4
k.o 136| .215| .63} -.131] 87
Tk 506 .239 | 2.11) -.302| 57 $6.28 |-2.0 {-.%04| .337|-1.50{ .070| 1k
10.k oho| .325| 2.92 | -.552] 56 0 -.330} .2981{-1.11 ] -.046 | -14
11.7§1.139¢ .381| 2.99 | -.657} 55 1.0 {-.290} .2hk)-1,19) -.067 | -23
1h.61 1. 3.06 ] ~.961t 55 2.0 | -.230| .2k8) -.93] -.05L | -23
18.9 | 2.446| 913 2.68 |-1.428) 55 5.3 & 1| .53 -.216
7.3 330] .228( 1.45] -.236 | T2
hoobh }-2.1]-.368| .248 |-1.49 | .055| 15 9.3 1 .57%] .272] 2.11] -.ho8 | 67
-1 -212}| .218| -.97 | -.005| -2 12.1 ] .9 .384) 2.h2] -.5551 56
9| =--225} .21} -.59 | -.083] -35 1k.1 11.207] 478 2.53| -.128 | %6
2.0 -.067} .204 | -.33] -.072]-120 16.1 {1,526 .617] 2.47| -.843 | =2
k.31 .1k .269| .83| -.1% 19.3 12.056] .9651 2,13 ([-1.19% | 53
T.3| .4hkk| .19112.33( -.293| 63 23.k |2.809(1.b22] 1.98|-1.622 | =m0
(P) Flat-bottom body, fn = 5, fa = 5
3.01| -7.6[ -.734%] .237/-3.20 .313]| A1 [4.24| 2.0 .c02| .115] .o2| -.0m1 hoie
~b.21 -.3971 .159|-2.50] .1ho0| 3k 2.1 ] .033] .085] .35| -.038] 106
-2.1| -.243| .155]-1.57 o8k} 3% L.3 [ .152{ .085) 1.79] -.122| 77T
-1.1| -.152] .128|-1.19]| .021| 1k 7.3 .ho7} .139] 2.93] -.275]| 65
=L - Al -.62( 010 11 9.k gzo JA75¢ 3.374 -. 63
¢} -.071| .12k} -.57| -.021] -30 1.2 | .845) .229] 3.69] ~-.5h9| 63
1.0| -.018} .146]| -.12| ~.041|-257 14.3 {1.231| .34o} 3.53( -.782 | &L
2.0 oh5| .126| .36} -.071| 1k3 16.3 [1.522] .464| 3.28] ~.97k| 61
E.a 22k} .15 .99) -.107| 81 18.5 [ 1.8k7} .643] 2.87(-1.183| &
1] .173} .133 1.30) -.133] 73 21.5 | 2.326| .930] 2.50]-1.511] 6o
T4 436% 1641 2,781 - 63 23.6 j2.6L0{1.156} 2.28]-1.729] €0
10.3] .805| .2221| 3.63| -.%05] 6Y -
12.6] .9k6| .266) 3.56] -.610{ 62 [6.28] -2.0 | -.319] .256(-1.25] -.220| 67
.5 1.516] .399} 3.55] -.897] 6L 0 -.201{ .213| -.9%| -.188| o9k
18.8| 2.117} .715| 2.96|-1 59 1.0 | -.141] 194 -.13 -.01§ 19{
2.0 { -.075] .173{ ~.43| .026{ -3
L.24| -9.5| -.862| .307|-2.81{ .hsok{ &5
75| cimk] 23313006 L33 ¥5 et W e IR e
kb - .155)-2.88] .181) ko 9‘3 .WT '2114 2'23 '316 63
-2.2| -.281) .131}-2.15| .o79] 28 151 '885 '325 2'72 ‘G2 &
-2.0) -.246} .116[-2.12}) .085) 3k . . . ‘ .
1k.) [1.154| .k36f 2.65| .76 &2
-1.0| -.172| .099 |-1.74| .okk| 25 16.1 [1.45]| .58g| 2.5% 935! €
o] -.132) .13k 11,160 .029 2 19'3 1'855 '811 2'29 1'155 57
Lol 0| (9g3 L8y 007 T 21.3 |2.098| .961| 2.18| 1,27k | 55
0| --060§ 113 -.53| --031| -53 23.3 |2.4k5]1.380] 2.06} 1.%08| 55
(q) Flat-bottom body, fpn = T, fa = 3
3.01{ -2.1| -,209| .106 |-1.97! .085{ 4o Q4.2k |11.2| .685! .172{ 3.98} -.486| &9
[¢] -.075] 0961 -.78| .006 8 4.2 }1.021} .276] 3.70f -.705 7
1.0| -.012| 096} -.12 | -.029 [-29k 16.2 | 1.274| .377| 3.38 -.871
2.0] .043} .099| .43} -.061] 133 21.5 12.038| .773| 2.6k |-1.b21| 65
3.3} .1123} .088}1.28| -.106| 90 23.5|2.328] .996| 2.34]|~-2.637| 65
ho! .ik9| .207}{1.39} -.127| 82
780 .377] J115(3.281 -.270} 70 §6.28] -2.0 | -.283] .138{-2.20] .139) ug
10.2) .6u8| .173| 3.75| -.Lkbk| 67 [¢] -.1521 .108)-1.k1| .036| 24
1.5 .7%6| .198 | 3.82| -.516] €6 1.0 {-.113[= = =f= = o] = - -] - -
k.5 ) 1,133) .30L1 3.76| -.766| 65 2.0 [ =0TT{= = =|= = e} == =} = =
18.61 1. 566 | 3.15|-1.205| 65 5.2 | .080| .085{ .okt - - -).- -
T.2| .228f .108] 2.11] -.2hk9| 62
Lok} -2.1) -.231] 002 }-2.54] .100] 43 9.3 .383] .139} 2.75] -.256| 6k
0 -.102| .079 |-1.29) .023] 22 12,2 75|~ - =}= = | =511 6T
1.0} -.0kk} 081 | -.5%| -.009] -22 k.1 .96 .384| 2.8%0] -.6T2| 66
2.0f .002{ .086]0 -.039 | 786 16.1 | 1.213| .510| 2.38[ -.838| &4
k3| .13:1f .015{1.73| -.127| 86 19.3 | 1.703] .723| 2.36{-1.170| 63
7.3| .318) .0951|3.35] -.235| T2 23.3{2.292|1.090| 2.10{-1.608| &3
9.3] .478] .125(3.82| -.333| &8
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A-18936

fn =3 fn =5 fn =T
(a) Cone-cylinder bodies of fineness ratios 5, 7, and 10.°

Figure l.- Test bodies..

NS



a2z

% .G..J £ _l_: u_l.._m_r

NACA RM ASHEQS3

\
7/
Figure l.- Continued.
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All dimensions in inches.

(d) Skelch of typical modified cone -cylinder flat —bottom body;

(f,=5, f,<5)

Figure |- Concluded.
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Figure 2.— Variations with Mach number of initial lift-curve slopes and of lift
coefficients at several angles of attack for three fineness ratio /0 cone-
cylinder bodies of revolution.
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Figure 3.— Variations with Mach number of the center-of-pressuré positions
for three fineness ratio 10 cone-cylinder bodies of revolution at several
angles of attack.
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Figure 4.— Variations of maximum lif!-drag ratios and of lift coefficients
at several angles of attack with cylindrical afterbody length for cone-
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Figure 5~ Variations of maximum Ut -drag ratips and of [/f¢ coefficients

at severaf angles of attock with cylindrical afterbody length for bodjes

of revolution having 5 diamerer long noses of different prolile shapes
ot Macth numper J.0.
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Figure 6.~ Aerodynemic characteristics of lhree fineness ratio 10 cone-cylinder bodies of revolution at Mach number 4.2,
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Figure 7.— Aerodyhamic characteristics at Mach number 4.2 of a
cone-cylinder flat-bottom body having a fineness ratio 5 nose and
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Figure 8~ Comparisons of the force characteristics of fineness rotio 10 cone-cylinder bodies with those of
cone-cylinder flai-bottom bodies having the same nose ond ofterbody fineness ratios.
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Figure 8~ Continued.
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" Vortices

(a) Sketch of typical vapor-
screen photograph

3.5,

o A-19072 -
(c) fn =3, fa = 76 M = 3.5, (@) £, =17, fg =3, M = 4.2, -
a =25 a = 20° ;.-_

Figure 9.- Vapor=-screen photographs of the flow about two fineness ratio .
10 cone=-cylinder bodies. £
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